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@ Teniplate^^«*P*»«^*'>"8«tt«». 

©Methods apparatus and comporftions are presented for 
bind to a comnKH. tajgeia^ 

tive functional g'^- ^ P"**^*^?!^^ 
substantially contiguous reactiveposHteos on a te^^^P^ 
deotide placing the photoraactive groups hJ«Sh^S; 
XSnoTttie P»«>toreactivM^|cten^ 
er^rgy fonn a protje reaction product in which the piob^ 

bound to eiach ottier. 
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Deseitptton 

TEMPLATEJ)mECreD PHOTOUGATIOM 



BACKGROUND OF THE INVEMTION 

wishes to knew. The target Is a ^'f"^^ ^l^^^^^^v^ to any pair of molecules wWch 
Tt« tern, 'bioto^^l ^Jf Jif^"!^^'^^^ appoSL term 'Bgand- will 

IS exhibit mutual affinl^ o[."ndin9 .''^F^j^"^?^ ■anUIlgand- or 'receptor- wiH refer to the 

^ertoor^motecdeo^Jjebbto^ 

opposite ^ w«to9'«^ "^^jrs 

invention have application in »*«f "^^"^ desigrwted the Igand and the other strand Is 

complementoy sliands of '"**^^^'^?h?^s^ a^to a target Secule. The designation of 
20 deslgiiatedtheanangandwreceptw^oft^ 

The term -probe' refers to a ligand of J^f^^T;^!^^ to a strand of nucleic acid having a base 

enzymatically with DNA or RWA Pojj"®;^; wjtional group capable of forming a covalent bond upon 
a^rbiS^S^^^^alS^AS!^^ 

Sr''roS«acHve^c«on^^^ ' 

covalentbondup|mp*jrtoact2^ ^^fins, conjugated oleft«. 

An example of a photoreactve *'«^°™i,9rj^^2^^ characterized by conjugated double bonds 

4S ketones.d.p-unsatumtedketones.azlde8.~^ ^ ^ ^^ 

and ketone funoHonali^ and «<>^^J^?;;^J^STZ^ 

ohaiacterized as coumarins psoralens. a^J^^^WSTF^iSTSS^ ImtOooa 

^^tt;^rs?n«ixss.^^^^ 

SO WDey Sor». mc. (1966). incorporated by r^^J^ 2^~!Lule By way of example, in the case of blotegfcal 
tending pairs. whereafhstDgandb^toare^ contiguous to the first In the context of 

first ligand is open and S^^.^ST^ i iJ^^^PO^^ 

polynucleotides, where a first probe binds torn aro bind to a second probe v»hich win then be 

delusive area along the length of he 

contiguoustothefirsLTbetarg^tmc^eculeart^^^ ^ ^ ^ 

^J^rS^^nT^U^^^ yet ^ to Ulr. a reactive covalent 

*""lS??m%^^ 

wHh a support. I descrHje an entity which can be substantially 

The temn '^^^"^ from the medkim by Immobifeatton. filtering, 
dispersed within a medium and removed or sepwaw« 
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"CESS'-TuJ^^^when usedalone^incaKtes conven«onal supports such as tWers and nembranea as 
wen as retrievable supports. _ ^ antillgands, means capable of binding or 

The tern, 'reversible-. In '^S^^^i?.?! iS^Sr^LISS a^^^ nature of the llgand and 

.eteaslnfl upon imposing chan^vj^^ 

antnigand. For example, without limitation. ^hich do not destroy the llgand or antltagand. 

Sled by «*«"9«*.»" P»:lT'C;rel?ln SeaSSCol^.2s^S!)!ni>. the DNA molecule Is a 
Genetic infonna»on ^ff^i^^^^ S SSSttSsS; nucleotide Is characterized by one of four 
double helbc each strand of «h.ch tea ^ofwcde^^ ^ complementary m the ser«e 

bases: adenine (A . guartne (G). tf^mlne 0). "~^,*^L,r3 ^xvA and bond to each other through 
^due to the orientation of functional grou^. ''^^S^^^t^mK pairs with thymine in an 
^rogen bonding and n-steddng '^^'^^ ToT^ «lth In an opposlrui 

opposing comptefnentary strand . . . ^ r»JA strand In the sequence ol base palre. DNA 

3r^2^t,"^-Ss^^ 

^.ra.a.nnKedbyaphospho.e.^^ 

nucleotide and the y^roxyl group of 
occurrlngDNAorFWAhasoneterml^lendha^^ 

y-hydroxyl SW-O'e termii^er^F^lynudeob^ oto ^ave a phosphate 

reference to the respective fre^^ S^Ss TdWA ^ RNA f ^ antlpaiallel complexes In which the 
group at the 5'-termlnus. ODn^Jmen^sfrw. ^ ^ 

S'-termmal end of one strand is o''"^*^ ^ndenoy of two nucleic add strands to pair at their 
Nucleic add hybridization ass^ are ^ ^S^^^ are primarily used to detect end IdentHy 

acid, or in mixtures of nucleic aod ^9f*|5l_^-..„dfic genes wi^ 

The identlflcatlonof unique DNAor RNA^ue^^ ^ pathological conditions. In 

from tissue or culture samples, may Intfta e J^ ^e^^ 

particular, the identification of unique genetic diseases or condttlona such as 

^cted from human or animal teSL«. '^^^'^^^^^es, or bacterial or viral lnfectlor« The 
sidde cell anemia. ^^f^^^^'^^^'S^s^^genesWmn the total DNA or RNA extracted from 

sf^Srr:rnJiSt:^^rr.^ ^ - ^^"^ 

conditions, or provide identification ^^^^^^^^^^m the diagnosis and detection of disease. 

SSlo'£SSl,SJ?^lhSen^or to^'^^.JSSn'SS^roce^ 

one of the most ^^"^.^TS^^^^^^u^^^ E.. J. Mol.Biol. 98. 503. 1^The 
filter hybridization '^^J.^l^'^^^SmAseijences.The procedure te generally canied oirt 
southern procedure is us«l to 'dej^^^* JJ^^^organlS!^ carrying the target sequenoert 
by subjecHng sample RNA or DNA e?^~J^.!JL ,jna fragments. The sample DNA fragments are then 
uierei to restriction endonud^*^^ont^^ 

electrophoresed on a gd «f .^Sf^l^,!' ^^^^ sequence. The DNA Is denatured Indde the 
group of fragments can be tested P'^^'l^L" I?!^ sample DNA fragments is placed In 

?Sto enabte transfer to^^^"^'^^;^^ ^^,,^,^1^3^^^ 
lontad (blotted) with nltrooeMo««ter^^^ 

become boundor immobilized. Then^o^Bg^ ^ ^ ^ solution 

to approximately 85»C to J^^'P^^JJd DNAwobe The radio-labeled probe indudes a strand 

can be detected. .««oio nwA fraaments Is flowed to take place. During the 55 
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^ J a einnai fram a Dfobe hdlcafing the presence of target over bad^round caused by rKwispedflc 
S^Sfof to S^^t en^es. "n.e signal to noise ratio can be ln.pn«red by decr»^ 

?iSS^TO£2^^Btingthe nucleic acid fr^^ 

^dJS^ibSS^^SerpotentlalV containing the nucleic add of Interest, to which prot)e has been 
Ldr^t^sMnSS^i^S?^ "Snove probe which is only nonspedHcany bound However. j» a 
1 ^at^^VsnS^ount of probe is disassociated from the target with each wash, parhcularty as 

^'T^lS.S'toJiSStiomayalsobe Improved by InciBasIng or ampHiylng the signal which can be generated 

"natter, background noise Is usually amplified to some^*8n» 
SgS£^S^S!S^ between ampW^^ 

^'^SfeJESq^^u^t^ rattos in nucleic ac« ^'-^-^ ElTSS: 

jTtte ove,^ environment h, which the system Is to be used. "»*«»:?rP^f^^ 

^rtance th maximizing a signaWo^lse ratia Howe«r. »PP2?^^J" ^ *S2 2d 

maTbe a critical factor. For example, time conslderattons. In part, are dtMng immurw and nucleie add 

rfiJri^^from radioactive labels to nonisotopic systems. Nonisotopic systems do not requiro tong 

SiC2rt!ZsWsa,yforX-fayfilm.T.meconsiderati^^ 

teJnioS ^S^K h J(J^Patent Apploatlon PCT/U884/02024. intemaSonai PuWi^ Number 
g^;:?^lT^r! rM...i»i. A^d Hybridization Assay report the use of photorearth« crosslmklnB readfons 
S^pS)^ to target Di^ However, the YabusaW reference does not suggest mea>» for anvWVJflthe 
or DhSorSrely forming covaient bonds between contiguous llgands on a target template. European 
pSS^t^SSSSSSto Hunkapiller et al. entitled Detection of Specifc Sequences .nhK^^^^ 
SSlte tt^So contiguous probes can be ligated together enzymatically to form a detectable umL 
3^ S^H^tori are h^ffldent. particularly, at low taiget concentrations nomialiy encountered in 
^SSJXmd enzymatic ligation is time^onsumlng. Enzymatic ligation requires many complex 

1^ of iS^toHoTadded to^ assay steps, including sample preparation. hybndtaHon. and 
S^LST^iSS^SW^Llcn of theSay system limiting Its use in many dmical settings. 

Summary of the Invention 

invontion features methods, reagents, compositions. Wts and apparatus for ngating 
?t„K2nSZ^Ja^eaSrtSeronaSet template. Embodlme^ 
w^'SlS toTXX^? ^Ct pdynSLotide^ of Interest. Further embodiments are 

^rran^^eSSie^r^p^fr^^^^^^ 

liJnSwiifch Snd to a common target The method Indudes contacting a target with a fii^ ' 
^S^S.5^^oS^Srilr^'and second ligandshasareactlyefu^ 

secona iia<«iw.^i TT-- ^ sro* isnanH and th© second lioand. upon acthmtfon, when the first and second 

St:L^dSg'toT?2i^^ 
SS^TrtlemetlLl indudes the Step of activating the reactive^^ 

^^i^r^e^^mSrS^tS^SrSa^ 

"""^S^S^'^^^^^^'^ to assembiB ^e molecules fi«n indhMual segmente^ 

'l^n?n2'^tS^JSSlm«ntlonalsohavepartk^ 

°\;S?:i.?Sra4r1SSingthe,eactlvefunc«^ 

thP naand reaction Droduct which Is indicative of the presence ot target. 
"'i'^^^imS includes a first ligand and a second Ijgand ^J^^^^ 
functeral orouD The first llgand and the second Igand are brought together upon a target 

SSteS ^o^twZ^ distinct from either agand separ«ely. <^ the Igand^gand 

%''SZ^^!^'S^'^og.i^ to fonn a probe readlon product When the photoreadn* 
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_j .^.u-&«4oi»rt««condDrobes are In a reactive postttoa The (i^ 
functional group Is activated '^^^^^^^^^^ upon binding to ^antiaBy contiguous 
and the second P^b®"™ activ^ed to fomi a probe reaction 

binding conditions with a fi-^"*' ^ J^"^ Sf wSS *e first probe and the second probe 

have at least one 9*^'°^^"*^^;^^^ S^^^S^JlnSt energy vSien the first and the second 
together to fom. a probe ruction P™^"^" S^apabte of bindinfl to the target 

probe are placed in a ™««*^^P°f2rJforS^Dto^eiSS^ 

polynudeotlde to fomj a first-second^ 3 

reactive position. At least or« rt^^ 
antaigand to ^l«w assoc«hon of tl^F^^ 

of detection. Follovnng contactng ^ faction product. The method includes the step of 

the step of acttvating f 9^^*°^''™^ with target In the sKuation 

fonning a probe reaction P^''^-^?^ "^J^J^^aSon produ^ 

where the capture a^^sooat.*^ te released during sample processing. Whe« 

media apart from cellular debns "^t" "ofT^^et ^nmucwon subjected to stringent washes and 

reaction product re^'^'^s J^ckgiwndnofc^. photoreactive functional groups capable of 

Preferably, the f^st probe arjd^ second 

interacting upon act^tion wrth f ^ f^^^^Yo^ftfened ^ or about the ^ end of one polynucleotide 
preferably, one photoreactjve group at or about the 5' end of a second 

probe m order to interact witt. a PS^°^^_r^^ 
Jrobe.Thus.afirstprobeandasecorKJprobej^as^^ 

Ltecule withtheytermlnusof one profc«beanng^P^tore^^ ^^^^ 

and proximal to the 5' tennbuis of ^J^J^ tSXto^e ftinctlonal group, to minlmiza DMA 
Preferably, the v««velengW « selert^^^ „ Por coumarin^lce 

photochemistry, and to mhlmire *''^°"„f,2i£?2lISateS 300 nanometers and 380 nanometers 
photoreactive functional Q^^P^^'^'^^^^^J^^'^S^SwoZp has an exBnctiai coefficient greater 

"gsr^p^otTrSsrs^ ^ — ^ 

JSTfornwJla for benzo^lpha^ne. coumann, » set forth below. 
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--Sirs 

f unctionamy to react with the coumarin ZiO atoiS In tength Inclusive and most 

is an amine. TTie DNA met^^^ T't^JSSSSSS^ DNA methylene may Include atoms 

preferably4atomstoler^v^«^^ 

and functionality other than oa*on ^"J^;^ allows the coumarin 

TT,e DNA and coumarin '"^^^^tenec^ 
derivatives suffkdent freedom of motkm to oii^ 

t^elow: 
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-CH3. -CHzO. -CHjBr. -CH2l. ■^''^%,r^ ^-CH(CH3)2. -C(CH3)a. -a -Br, -I. -F. and 

-O(CH2)oCH,(n=0to with an amine group. 

DNA molecule. Preferably. ««521rSiSjo!«^ conjugated olefins. 

Further functional 9™"?^, ^^^^^^^^^ 
ketones, o, pHinsaturated ''f °"®i\^?f^' tJ"^^ chromones. qulrnwies and the like, 

and ketone funrttonality.matelcar2Nn*.^Mm^ signal produced by hybridizing a 

Embodiments of the p«»irt Inve^o"*^^ 
pn,betoatargetmolecute.TT.epr^88n^^ ^ ^ P„„^ ^«rt 

Knking two probes in a ^'^stenteJ^i^ralWs ^ ^ ^^^^^ ^ ^ 

nnklng. the probe reaction prcdurt can to ren«^^ 
sewnd probe nKrtecule to hybndize^^^ 

fl«tand«condprobej^ojjesajp^ ^ photoBgated probe 

'^i"' tSSX ^212^ S n^^nmSed ?nly by the efftelency of the photollgatton process to 
reaction product connnue»iK^^ ^ ^^^^ ^ 

produce an ever-Increasing s^ '^^J E^lS^a mettwd to Increase the signal produced from a 

Thus, one ^'J^.J^^ conditions on a sample potentially 
single target molecule The rrotj^hdudjs^^^ 

containing atarget ""o'f "'t^* J^;.^r5e 9™"P 

second probe. The «rst probeands^nd pr^eu^uoe « ,3 activated and the 
of binding the first probe to^sec^^^^ 

probes are in a reactn« posWw. AtJrJ^rs^^ m«uo 3,to«ing the probe 

With radiant energy to lorn, a probe and afurther second 

reaction product to target molecule. A further step Includes 

probe to assume the P°«^.2^;»P^„L^^J^ of ^obe reactk>n.products from a single 

of the photoreaclion. polynucleotWe. binding and releasing conditions are generally 

of «« pr*. ,'^j5~^J'„Se^SSor^SSducl to leave .he t^ m^^ *»*« 

target molecule template. molecules the selection of target molecules having areas 

Further, in the case of P<^f ^^^S^^JJ^J^CS^^ of oros»**lng reactions I0 the 
containing few photoreactive ""f^Jf^ 'S^iJ'-tmeS^^^ 

DNAtemplate.Generally.areasof DJW.ron^.^^^ ^ DMA template. 

to a higher percentage ?J J^'^^^T^ template without pH. lonte or ther 

Additionally, the abnity of a polynucleotKteFow to i«R«a the photoreactton between the 

n,^?llng. ly be related l^SS^^^^:^^Jt^.^9er^e6^^om 
photoreactive covalentl»ik.ngfunrtonalgKHfl?sa^ Jnbodimont of the present hvertlon 

Molecule upon absorbance of rad«in1 energy "•^JTJV^ targets capable of absorbing 

SSudes thTwroduotfon of chromophores m ^^^^^^^^^^^ 
SSUrgyandinduclngalocalJed*^ 

Further processing may include detectron <^ ^^^^^2 iSm^ of a first probe and a second prdbe where 
product.oneembodlmertof^je gsejjh^^^ ^ tebel mdetyls associated 

at least one of the probes has a ^"^'^^^^T!^^^ target capture or probe reaction product capture 
v«,haprobe which does not h»«a<aphwlg^^ 

fr,orderlolimitbaokgroundTheproto««tt^e<^^ ^ „^tles. whictvare 

SLSSeS^X^eTronToJuS^.^ 
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Further processing may aU» •"oU^* ^^e'^S^Tn^S^^^ 
template Xoionn addttional pmbe ^^^^^^^^Z^S^SZer deteSTlhus. in the situaHon 
the enzymatic mumplicafiond*«P^^ J^^SSSSiC^^ enryme. OP repHcase. may be used to 

Amplification can aiso P^^^^^tSS-ob^ a!d^ probe. The second group of probes can 

includes a labd '"f'e^,"*^^^^!!*?^;^^ deludes an apparatus lor Ugadng substantlany contiguoi« 

Afurther embodiment of the P^^^J^^'^ZZdJi^^rn^ 
ligands which bimltoacommontargeLTlieapparatu^ functional group 

fiL ilgand and a -^'-^J^ ^t^^^^l^^^^^^ upon acBvaHon when the 

capable of forming a covalent ^.'^^^'^^^XTS^ The first iigand and the second iigand are both 
first and second ^ ^l^jS^.^J^J^^^^'iS^ to form a target first^d lig»|d 

90 bond between the first and second ligands- anollcatlon In diagnostics to detect the presence of a 

Embodiments of the P^^^l^^^^'^^^S^'^r^r^ vessel is adapted to vbob^ a 
target rm^lecute. in one embodjmerto^^^^^ 

first Iigand andasecondi.gandtogethervrttt.a the first probe to the second probe to 

Bgand have reactive Itmctiond gjtwps <^p^ 

^ TonTrS^^r^a?^^^^^ 

^Jcond Iigand into bindb^ ^"^^ JlfJSSrt^fSSSl 'lifland reaction product having detectable 
The ttrst Iigand and second ''9^.^^f^^3j*i^,r^ 

propertles^lcharedtetlncltromefther ng^ds^ pH^of^ol. Oghl sources. Injection of cofactors. 

30 me reactive functional a™"P;^"^XXSn means L detecting the presence of the Bgaml reaction 

and the Bke The apparrtusftjrt^^bic^ude^ molecule. 

product which In turn IS Indi^ ^^S^nrfwnJqrwps which are activated with radiant energy. 
^ A preferred embodiment Includes rw<^nrt^al g^ 

Acfi«tionmeanspreferab^.ncUjdeal^»^ ^ ^3 3it^on where«, the 

to the activation wavelength of ^U'^^^^^Z^ <a approj^et^ 3(X>-380mi. mciuave. prelened 
a^t="::^tS:Se^SE^rr?r^ JSTmemury^o^orothem^source. 

^rnts-cSSlSsXp---^^^^^ 
release the target receptor ""^j^^r^J^^^^^^S^SrS^^ 

molecule and means «pt«jng ba^^^^^ .^^ ^. ,3 ^ to Include d^n«al 

the probe reaction product olthe t«2.'*M«S?2^SJ^tes. sputum, blood, excretion, swabs, cultures: 

pr^^s^lng. Sample processing l^^^^^t^^JS^S^The apparatus further 
sonmcatlon to release the polynucleobde J J^'!f^^ one of the first and second probes has 

deludes meansforreceiving afirst pmbe 2;A^;iSS£;,'^bi?bS^en the first probe and the second 

so a photoreactive functional group capable of fonroi^ ^J^J^ p^ues are placed In a reactive orientation 

^ prrt,einthepresenceofradiantenergyvirtie^^ 

folorm aprobe reactionproduct^ef^ P^ThJ^Si^Sa^l^econd probe, complex. The 
to the polynucleotide target -T^'^^'*'" ^?„^J^f^nto binding <»ndltlons with the target molecule m 
apparatusfurther includes '^J^'^^SJor^^iS^ratus^rther includes photoBgaBon means for . 
5S order that they may assume ^J^^°^'^^^^i^ as the probes are in the leacHve posItlon.The 
activatingthephotoreacth^fun^fomjj^ 

apparatus further includes support means for ^«»J9 ™ flatus further Includes means for segregating 
cellular debris from the target Means for f^SJ^?"^?™^ directed at the cellular debris without 
disturbing the probe reacton product The ^^^^ ^ ^ farget molecule. 
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^^^^^-^'^^^"-^"'^'^'^''"'"^ 

reaction product reduces backgrouiKi jwoe- ^ retrievable support The retrievable support Is In 

- Afurther embodlnr^ntof thepr^«rt h^ntoifca^ ^ P«^^ ^.^^ probes to the 

association or caj^te of ^^^.'^^ ^^J'^XS a substantially homog^ 

exduslonof the otter. The iBtnevablesupp^^ may take many forms Including, by wsqt of 

san,pte n«dium ard ^ 

example.nitrocellutoseredu^dtof«««Ja^^ ^ocellutose support through a sieve, 

retrieved upon passing the ^-^P"®. f^?™ J^^^ 

NitroceBuloser^yalsobelmpregmted^rtm^^^ ^ particles may be 

to migrate within the sample ""f fsl^ ^ or partWes may also «xhl>»t electromagnetic 

imered upon passing the ««J"P'4«^9j3;g2^^X^ 

TaC^s'^r^r^jr,^ 

probe reaction product capture. Retne^W^* *^^ be reaction product 

to capture background noise In the to"" 'J^J^JJ^^w^^ 
ilSrtherembodimentofthepresentli^r^ 
, groups-Prelerredcomposltionslnoludedem^^^ tte alpha beta unsaturated lartone 

absorbance 320 rarwmete^ ^ ^^^^^ ^^^^^ ^ 

Fret erably^e coumannderi^«ttvet^^ 
reacth^functtonalgroup Ttius^&^yc*^^ ^ ^ whteh is known to react 

a methylerie chain, which chain has a^.^r2Sw^hydroxyauo^ ester can be reacted with an 
with arjhadc amino groups 1.. SS^^lJS^udo by v«y of example. Isothtocyarude. 

pentachlorophenyl esters a"*! . „ belvireen 1 to 10 atoms inclusive; and. most prBferaWy, the 
^eferebly. the •"ethylene ctemmcU^^ ^ ^^^3 ^ carbon. IncUKing by 

methylene chain «=3 ^'^'^ !"S^-T5f »° react with funcMonafeed 

SS,°loTor: Si" tS^^!- -e,^ C mo«on to one,. 

properly for photo^dditlon as set forth P^^^"*5!*Mtes a oolvnucleolWe having a photoreactive functfonal 
''TSU embodiment of the prese« 

group selected fromjvag™^ characterized by conjugated 

Preferably, the coumarins are selected from the group OT OT^^ 
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^,F. -WBr. -CHOz '"^J:^^^^^^ 10). ^(CH3)3. -O. -Br. A. and ^. 

^Brs. -as. -CF3. -CCb, ^^J^^^ fiSS tSula aet forth Ijelow: 
Preferably, the psoralens have the general lonnuw ^ 
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75 ,J!^7rt^^ _Hd N-hvdroxvsucdniinide ester. 7-niethoxycoumarir>«-oxybutyric add N-hydnnqr- 

coun«rii^7-<»ybirtyno '^^^^T^^^^^^^ ^rther embodiment of the present Invention Includes a 

composrt^on "''"P'^'^fl^LSlS^^ at the ^ and 5' tennini of the respective strands, 
a derivative of a photor^cHve "^^J^^^^^ 
20 Afurtheren*od-^errtofthep«sen^^^ 

rror sS^n^lfJ^t^^ d-m.. tonned 1.0. a 

photoreactlve rnononwr. „r«ent invention Includes a kit for perfonnlng photoHgation of contiguous 
^ "fT. ^JSSI S K to T^STsSS. where the tarjet molecule is a polynudeoMde. the Mt 
25 ligands to a t^ipJ^^^JS^"^^^ target molecule of interest. The reagent 

includes a reagent for '^^^^^^ ^Z^'S^ probe and *e second probe have at least one 
irwludes a first probe and a ^ecoi^prote whw^n^ iJJ P ^ 

photoreactive hmctional group, product «rt,en the first probe 

probe reaction product in the presence of "^^^^^^^^^^^^^ MCond probe are capable of 

Embodimerte of the p^mnv^^ to DNA probe diagnostics and nonradioactive probe labels. 
Sna. groups Is appBcahte to a wWe^ ofst^and procedu^ ^ ^ 

Jnd ItS b now considered to be the best mode to apply these prmdpab. 
40 

DESCRIPnON OF THE DRAWINGS 

^ Rgurelillustratesmethodstepsandftoturescrfanapparatusandlnaccordancew^^^ 
the present Invention in schematic fonn. 

DETAILED DESCRIPnON 

SO , h^rrtfav, k described In detail as a method and apparatus for Bgafing contiguous 

The present Invention ^^7!^^^^ 
polynucleotide Probes to a poiynucteotete te^e^^ JL^Wered an exemplification of the 

^^•''"'r'o;srn:e"„?raSJb^^^^^^ 

pnncpals of mventon ^ nrt covalently bhd two contiguous Igand moleoules tofonn a 

^ ia'SLXn1r?d!^t^nr^^^ 

^tion in l-n^^-'^'l'STS"^'^^^^^^ for producing photollgafion of 

sl'^S^^m^^^ ri-rSU '"^ for dia^stic purposes to detect a 
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vessel 21, and <'ete<*"^J»^^„^,-,.di^edintose>fen staQes.T^ 

^ !"'^Tv^"reiS?s?SSiSS£^^Us poteSttai^ contain a polynucleotide 
containment vessel 13 recewes a -J^ either DNA or RNA, having a base sequence of 

taiget nK>lecule.-me cells P*'^"^^*^^'^^^^ o^^ gerTcha^Seri^ 5 

gs':s:r:^r2SSi£dtfss^^^ 

and food riygiene. 

Respiratory WecBons: ,10 
(a) Bacteria: H>emoIytlc streptococci (group A). Hemophilus Influence, pneumoooocl. Mycoplasma 

'T;^^^:'^^^, irrfluenza B. pa^lnfluenza Jtypes 1. 2 and 3). respiratory syrKytlal virus, 
adenoviruses, coronaviruses.rhlnovlruses .is 

Diarrtioeas: 

,a)Bacteria:8almonellae.shlgellae.Yerslnlaerterocolltica.E.coll.Clostt^ 

(bVvinisesirotavlnJses. parvoviruses, adenovimses. enteroviruses ^ 



Venereal diseases: 



I 1 n«.t«rta NelMeriaaonorrhoeae,Treponeinaparadum, Chlamydia trachomatis 
jS HerSsT^lS^^ deficiency syndrome (AIDS) vims 



(c) Yeasts: Candida albicans 

(d) Protozoa: Trichomonas vagmaHs 



(a) Ba«rteria:Memolytlo streptococci (groupA).pneumoccl.enterobacteffa 



Food hygteiw: 



(a) Bacteria: salmonellae and Os^lndium Pe*J^ ^loloaleal fluid such as stool, urine, sputum. 
•n« dinioal samples may be °^'^''*'Z.7^^ZSi«SSS. or S^- Individuals skilled in the 
pua. serum, plasma, ocutar lens ^^FTflJ^'^S^i^s^^n^^ by mear» too-mln the 

art may deslmto reduce 1hebK.F«ys^^^ ^, 3,^ton8 orto 

art. For example, biopjq^ ^^P*!? kS^^ In a mixture of 05 molar sodium cNoffde. 10 mM 
small clumps of ^^.^.'STl^^^i^ B3),^25 milligrams per milliliter cycloh«camkle. 
magnesium chlonde. 014 molar F*»spha» «J«JP" . ^ ^ ^ differential centrifugatlon. 

Isolation of specific ee l lyp^yesttjfls^^ 

density gradient cenmfugatton. Vj? ?!^^*;^ lysing Is ««ll-known hi the art. 

The cells are then treated ^ ^^^J^J^J for^^^ to U^lar sodium hydroxide. The 

Chemlcallyslngcanbe^rfomed^^alhd^^^^ ^ ^ Include etevaled 

potassJum Isothlocyanate. u« ^ mstriction endonucleases to dlvWe the DNA or RNA 

Snical sam^ehicludes sam^-e r'Sl'^J' fJIJfnd ^Se^e^f^ and the second probe have- 
Further reagents Include a ^^^^^ ^^^^^i^^^S^S^ the second prote.together 
photoreactive functional sro^J^^^^^ZSZ^ Se first Vmbe and the second p^ are In a 
to fom. a probe reacfon P«^«^ "P^fJ^S^S^^JI^eT^ upon binding to the target 

reactive position. 77»first pobeand^»«^^ 

;;S^s:rn^iJ:ss?^^^^^^ 

the target moleciie. , ^ * *u« r.rA^ «f aHriHion to the samole of dissolution s6lvents and first 



30 



40 



4S 



SO 



ss 



60 



11 



EP 0324616 A2 



S^t^aS^SSJTe S^nTSiTTe SSSMJTconteln.ng'^B.; support through a sieve; 
^Srthe sample medium upon Ihe application of a magnetic ^"J^* 

ShStSectromagnetic properties: and polystyrene beads which partHkm to the surtaoe of an aqueous 

<»nhA<fiment of the oresent Invention includes a retrievable support comprising magnetic beads 
.^r^^S TS^m x^^S homogeneously dispersed In the sample medium. PreteraWy. 
t^^i^cS. primary amine fu^Ltlonal gn«ips which facilitate covalent binding assoclahon of a 

'^^^ T?^ .^diWteads may be comprised of magnet-4ype particles, although they can 

noresldiB^ '^«'**'!S^J^,^^iox^rJh^^ Impure.alloy. or composite form, as long as theyhave 
alsobeothern«gnetcn^«rneta^^s.>^^^^^^ OthTmaterials that may be used 

a reactive surteceand ^^JlTi^ SLlL^b^Se nS^^ to. cobalt, nickel, and sBlcon. Methods of 
'""P'^^S^S^^rSTo^Sil^ ^ ^- -PrBParaaon and Magnetic 

^^.TI^ZfTi ^Maanetism and Magnetic Materials. 15-18:1117-18 (1980); E. 
Properties of UftrshFlne CoMi ffTr!' .'^^ _ « Fascmatmg Field of Colloi dal Science.* Acc. Chem. 

MatijejJ.-Mo,«ms^^ 

^piSSlJ^V^s'e^iS^ includes a magnetic bead contjning primary amine fu^ 
n^rlSed under the tade^e Bio^Mag ^ ReactWe sites 

A preiwred magneto ff^ » ""'^^^^^JSlS^aTS to prevent nonsficHIc binding of 

. not involved In tf|e nSgnX A'«t>ly exisi^ substantially 

other reagents. ""P^^'^^^^Jj^^S J^^ 

colloidal suspension^ Pr^en^^ a^strates m solution wtth rates 

per unit weight of ""Q^^^^ P^j*^^ ^an be reacted wtth polynucteoMdes to covalently afBx the 
Beads hawing r^ctaw SThlO^glutaraldeMe and sodium phosphate buffer and 

°' ^ Phosphory^ad 

polynucteotide. oeor^r^tetori hnmooolvmer captuie anti-Fioand !s brought into contact wftti the 

The hybndiration ^^^f^^^J^^^^^Snnomzed o^ support not having the capabWty 
bybri<^tk«s In whjch ^^^J^JJ^^fe^^ Extraneous DMA. RNA. cellular debris and 

es probe reacrtion product in the presence of BgM when the 
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reacBve posHk-. The first and second probe 

position to form a ^^J^;*^*^ SSmeseSSlprobe are placed htaWndlng conditions at Stage 3by 
The sample target aiKJtt»eflistpro^andtf«^wM^ ^^^^^ ^ ^ 

denaturing the polynucleotides ^^(^^^^"S^red at Stage 3. the support, potentially canyinfl 
element 17. After the sample ^* ™5,5^S,lS1e^^ and Impurities is removed, 
nonspecificalty bound ^f^t^,"!,^^-^^^.?^^ meansTo Stage 4 and l«,ught into binding 
Next, the contalnmeTrt vessd ^ te ^cSSttS the healing and cooling depicted in Stages 

larget DIMA >«h the flrrt "^^^^^^J^^^ ^ second probe, which Include at least one photoreactive 

jsjr^or^i^rfvTS?.^^ 

conveyed to Stage 5. „r^rt and the ffrst and second probe bound In a reactive position, ts 

cad mium laser. «" the pres«Kecjm^^^^^ 

Suflioient •^fW ;«Vj>ejJ^ ^ E,^,ng to a further first probe and second probe 

leave the targrttemptete. TJ» ^rgrt of forming a further probe reaction product 

and. such additional Arst probe "^^P^™^ SS^probe reaction products to be formed from a 
Thus, embodimor^ ^ *e pr^ent inve^^ 

single target molecule amplifymg the sjroj 9«"«™ ^ ^le target template by denahiring the 

Alternatively, the ^^^/^'^J^^^^^^^,^^ 

terget-probe ^^^'^^tr^^J^ on the target Upon renaturing and acBvalion. further 

probeandsecoTMlprobem^umere^^^^ 

probe reaction produrtlsforn«dfto^^^ 

The second probe iiKdudesatel»lino^e^^aF«si^^ sutforhodamlne 101 sulfonic add chloride 
by way of example, without «'^^;t^^;2iSr^2^S^^ erythrosin isothlocyanate. and 

(Texas Red). N-hydroxysucanmj^JI W»~brtan^^ x mlcroperoxidase. 

derivatives thereof. P^^rred chemHurrfrwscert^^ indicating 

. glucose oxidase. Jf*^"*' "lirriroS^^ Provides fSr Isolation of the probe 

Sgert Includes bioti"-av.din^iorsera*sh p^^^^ ^ sIgnal-tMiolse ratio of the 

detection system. '«>^ probe r^^ purffloaiton of probe reaction product may be 

cell, bound labeled f^obe mrterW ^ „ot part of the 

Preferably, Stage 6 PJ^^o^Kte for a to^JW^J^^^ ^^^^^^^^ 

photongation Probe reaction product, f "^JJ^SJ^JStoeted probe apart from the probe reaction product. 

the probe reaction product to staoe 7 via conveying means where the label moiety on to 

FiomStage6.prober«U5tenprodurttem^^^ ^ ^ be 

tabeled probe as part of the 

advantageous to rernoye the P^J^^^^^^^^^^^teM moieties, for example, a laser having 
fluorophore. the detection means '"^"^SiS tolhe^cSS. spectrum of the label moiety, or a light 
an appropriate emission spectrum ^^f^'S^Jj^^g^SesI^ 

source equipped vrtthsuitabtefiKa^^ttiee^^^^^ ^ ^3 ^ 

excitation means would mdude "J**^ J"^!^,'^ 

produce a Bght ernitting f "^^''^y IrSidiTa signd det^ 23 In the form Of a photon 

Into other fomis which ^^^^y ^te resulte toKM^e^^ such as a btoOn^avWin system m which the 
to the event that the label moiety Is on the bbiding of bloBn to 
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MMrf by the presenc. <* ftjW^anW^ 
iKtod. enzymalio 9ei»i«OT of Bisrt r»locu«^ 

exenipllfy features o« the prefBired embodlmeiite 



f5 



Example 1 



A. Overview ,_«h e«nth*alB «rf ohotoreacstNe nwlecules. which can reacted »rt^ 

Example 1 describes preferred ^thesis p^bes hanng photoreactlve fimctional 

so nSSs. partlcularvpolynucleo^^ 
^ groups. The photoreaotive -j^^'^^.^^^f^^! jSS^^^ 

Iroup isreacted v«h ^P^^'^^^°^^^u^royv^^ ester, IsolWocyanate. sulfonic 

operation as a protojutohtereacto^ 

addchlorides,carb«vficadte^^bKm»a^ 

2S phervl esters and '^^^tesj*!^ ^^^J"^ 

Preferably, the probe molecules ln«*«ea ^row "V^' ^ ^u^eg an aliphatic chain of 1 tcIO 
ofthephotoreactivemjea^^ 

325nm 8nd337 nm ^^Pp^^S^iT^^^ photoreaotive groups have 

gas laser respective^ and tJ^^O^ .,^^1 ^ permit efficient excitatkm 

a significant extinction coefficient of "f^f ^^^.1^^ photoreaotive groups, and not witti 

pTeterably. photoreactive groups ^^»fj^^j,'^^^^ photoreactive groups Include 

nucleotide bases, to P^^^ ^J'lJ^^^S^^^ 
coumarin derivatives, "^"^9^ 
N^iydroxysucclnimlde ester. 

' .L-^«^whirtvrin acid N4wdroxysuccinimide ester. couTnann^^y 
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Scheme I/ 



_5l£l^ 

hP^tV^^'^ ^^^^ 



1 



1 M*/ 



TO 



'/HP 



<CH2lii 



»„int««r 1 to 10 However. whenn equals 1. photoreacttve mo lec uies oapable of 
S^su* » N1. Ni. N^wnmjMW^J*^^ 
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Scheme 2, 
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The isothlocyanate derivative Is produced by r^J^^^r^l^^ ^ ' "^"^ 
nitro to an amine, and reacting ^^^^.^cT^^ polynucteotldes include 
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Scheme 4 





• EiOH 



IS 




HN-CCH2O ^ ^ 

oet 



A further synthesis of coumarin derivatives drected to the ring stnioturB Is set forth in Scheme 5 below: 
Scheme 5 



O 

H3CO (EtOhtPCHjCOaM* CHjD 



B Bf^/CHCb 

45 



HO 




following solvent ^^^-^Jf .^^f '-S^^^SS^^^ vZ^i ieteoted by UVBght Fourier 

vAv): (0 chioroform - rnelhanol J^^/^J')- ^J^SS^S^ «nte«» 
transform NMR spectra were o»>taJ«d on ^l2wlS>aS««J 8451 A diode am^ spectrophotometer. . 
Ouanlttative UV spectra were obtained on a newien pwawra 
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Nhhydroxysucdnlmlde ester SS^ol) and ethyl 4-bromobutyrate (B.Oa,l. 

TO a magnetically ^ednr*^^ 7.0ml. 
SSmmol) In acetonltrile t^^Onrf) was added In N nj^^ UC (S/stem B) Indicated a 

SSmmol). The deep yellow solution was >^«*«*1 .'^J ' "J^S of eS^^ of -TMQ 

Coumann-7-ojqguty^s^det^e«^^^ 

hydrochtonc add {200nil) was added. J™^™'!^ s« ^ ^ coumarln-7-carboxySc add which had 
JJn tt« reaction was 

20 separated from sohiUonw«e «|n8Ct^ 10^9 M.p. 198-200»C. R,(System B) 0.05. 1H 

2H). 2.40 (t. J=5Hz. ,.993 gmmoO and KHiydroxysucdnlmide (1.08g. 525mmol. 

Toasolirttondcour^^ 

as 1.05 ^^■^S'^f^^^^^^^l^i^^St&^m^. 105 equiwO and the mbclure was allowed to 
a solution of '^'^^^'^'^^^^^^^ TpJa conveiston to a new higher R. 

«arm up to room t^^^^™ ISS^ reic^ted to -35^d a further 0.51fl (0.5 equhr.) of 

*"*'*'^n^T«^.jT JN^^v;^^SSJSa lOrther 5 houm. the reaction was complete, excess 
DCC.and0.29g^.5equr/.)ofJfr^«^ ^ ^ ^he predpttated 

30 DCC was quenched by ^^J^ J^itSe eXrated Vyacuo. the residue co-evaporated with 
dicyclohexylurea removed by filtoton. The filj^e ^J^JJ^ sihlFitid sodium hydrogen cart>onate (2 x 
toluene (4x30ml). «l«solved "n microform (5ftnl^^^^ 

40mI)andfinaIVevaporatedtod2n^^^o^ooto^^ ^ ^ 

tones ^^^^^ (d. J-8hz. 1H).7^ (d. 

35 needles of the prodiKAY^^d 1.749.100^^ {t.J-6Hz.2H).2.83(br8.4H).Z11 

J-7HZ. 1H). 6:99 (m. «-^^.i°2SJt^*^i^l chlSti of iis compound being an NHS^. 
(quimet.J-6Hz.2H).TI»fowpfotOTa^^^^ experiment in which a 

*^''^?io'?Ha'iSS':^SS??sSL.^fo^^^ oSgomer (5 optiS density units) w^ 
5'-am,noprowWriO oHg™ ^ tt,^ NHS^ter in DMF (3Ang. in 

^ dissolved m 0^ MOPS P^^7Aa5nMaw u^m. at STC for 22 hours when analysis on 

gp^ nntion of ^^^'^-J'^ 74vdK>xy^thy|. 
mvXS^*^;*^ °SLi™l»n.K*«il. M ITe-iaO-a 'H NMH (DMSCKlt):7.70(d. J-Bn2.1H).659 

50. (System B) « 0.65. 

*i T i.j»«K^^»«/^rt.imaHn.6.rhevbutvric AcW M-hy droxvsuccinimide Ester 

eslLr was p.epa.ed In a two part reaction 

sdieme clescrft>ed in Scheme 2. 

reaction mixture. After 3 hours the mixtire was ^"f" » ^ reaction product was not 

filtration, washed with a«to™**2x_ 25mO ,38iJ^ 10.7mmol) was 

characterized further but u«ed <««f^" ^Jo^S^^v^ Urr^ and brou^t to 

suspended in aqueous suHunc acid (95* HzO/H^J^ BOmjl^ 

reflic After 20 minutes crystate started to Ler (2 x 50ml) and finally air 

cooled to room temperature, the crystals removed by tutranon. wasnea wiui w« 
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Part 2. f^P«'»*'"^l?®i^^ N+vdroxvsuccinlmlde ester was prepared in accordance with the 

344(11 TVSm. M^. add ethyl ester was reacted with add to form the 

ITv^ /* I 71* 9H» 1 96 tauintet J=7Hz. 2H). M.p. 188-191-C. Yield 88«Vb. 

zSS^Sririn^ add was reacted with N^vdroxysucdnimlde to 

, ^ T^!3^^nS22i; eSSSc add N-hydrox^ucdnimide ester in a manner analogous to the 

add N^™* M J-»fc«r«« (t. J-6H2. 2H). 4.07 (qnotM. J-6H2. 2H). 

tvrice from - ^^^„rin-7H)X¥buty^ acid had the following characteristics: 1H NMR 

iS 3il1 (s. 3H), 2J2 (s. 4H). 2^ (t. J-7HZ. 2H). 1.98 (quirrtet. J=HZ. 2H). 

r. Preparation of Couinarin-6-1sothioqranat^ ,«»rdance with Scheme 3 above. Rrst. coumarin was nitrated 
reduL to e^inocoumarin. The e^inocoumarm was then reacted with 

thiophosgene to form «'*»TS;^JJS!^!L^^ 
ingreaterdetall^marta^^^ ^ ^ ^ The 

SS^'n^^Xitirtol^SSSr. 

t^2X>-3. 9Hz. 1H). 8.24 (d. J=.10Hr. 1H). I;^,^'' J2d' ^iw^ tJ a"^^ stirred 

:!:Z^^SJt^^S^^S^^^ro^A^ bright yellow. The reaction 
an exothemUc reacfton ^f^'^T^^^^^^i^ ^ used to contrd evaporaton losses. Alter 10-15 mmutes 
continue without coding ?J,t"^SJS!Sfre S mixture evaporated to a thid< 

green slurry iDJ2EH^ '^^^^'^P'^^ added to the residue and the product was extracted by 
sodium »VdrogencarborBlB solutton (2011^^ ^ 

thorough stirring into ethjrt acetate (1 ^J^i 2S^S%^ ISs added to the sdld. the 
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^» c^mniBta More chlorofom (SOmI) vi«s added and the solution was 
the addition to the 50ml). fonowed by v«ter (1 x SOmI). then 

extracted ««h saturated sod^»J«^^^ Isopropanol. an finally from toli^ne (hot 

cyanale'(Mp. 189-191°C) were obtained _^._^n^othIocyanate are as foltows: NMR (CDCB): 
^ c»«««^«'^ilSirS^l5 65?(rj^^ TOO). 268(29 900). 

1188. 1120.888. 822 cnri. 

--cSGliSrin^oxybutyric A«d N-hyd.oxy^-clrtm^ ^ r^butyllltWum to 

above. 2.Wlmetho>^e,«aWe^yde«j^ to fonn 

torrn 2.6^n,ett^^«*J«J*^ ^ ^ coumarin^xybutyric add. The add 

n-butylUthHimIn hexane l^'^'J^J^.^J™^^ (40 ml). The reaction mixtute was 

20 solution of 2.6Kl.methoxybenz^hQ^^^^ 

allowed to warn, to ^«»™ ^^P^'J^JSS^*^ ««« (50 ml), diethyl ether (200 ml) was 

The reaction was quenchedby *«i^™^Jf ^ separated and extracted with saturated sodium 

Sd^ers:iSe^s«iM2S»w 

2S ciystallize. .*,Hi»r wentHted as 2j6 dliTOthoxycinnamfc acid methyl ester. NMR (CDCb)^ 

8.i'iTdTSSm?SKt^iSS^ 

(s. 3H). „f o e-dlmethoxvdnnamlc acid methyl ester (S.2o. TOA mmd; prepared as 

TO a cow (-30-C) boron tribromlde (80 ml of a 1M soliition in methiytena 

30 described above), m <*'o«*'?^ condWoni was poured Into saturated aqueous 

chloride). The mbt ture ««rS Jl^cSn Frothing] The organic phase was diluted with ethyl 
sodium hydrogen caibof«te ^''^ ttSt^viT^Mrating funnel and «dracted thoroughly. The organic 
acetate (250 ml), ttie rnWum v«s ^^^^^^'S^^ dark red dl which did not crystallize. The 
phase was isolated, dned (MgSo4) ^^^^^Tg^^ ^ give 54iydroxycoumarin (3.4g. 89%). as a 
Sn was purified further by chromatog^hy^^^^^ 

'llHvdroxycoumarin was converted to coumarin-S^xybu tyrte add rWroxysuccldmlde ester by the three 
step procedure described for the ^^r:^^'^^^^^- as an dl that did not crystaBize. i 
6,umarin^xybutyric acid N-h52^°?^«^'f^ (d. J=8.4Hz, 1H). 6.93 (dd. 

j=7.2Hz.2f«. 

Pxana pte 2 - DMA Synthesis 

^ J «M A ».n9i»d on an Aooned Biosystems 370B Synthesizer using reagents 
AH chemicalV synthesized DNA was prepan^^ ^ ^^^ ^ ^ ^ ^ „^ 

so and phosphoramidltes supplied J^e m^^gJ^J'^^JJ^ LC) system, using a liquid 

phase column using a Phannacte J^ P^ iXSr IJ?1 and ftadion cdleclor FRAC-100. 
Svomatography ooriMi^^CC^- rT^^^^^^^ units), dissolved in water (0.5 ml) was 
The crude, detrltylated DNA °W«'«'*,*«''r2,Vo^mSSf«Sammonium acetate whtah was supptemenled 
p^ on a PEP RPC^e colunm ^^^^J^^lTiS- ^ ( 1 :1 . vM • The eluenl was pumped 

S5 (075-1.000^ per min.) wrth TT^^fSSSteS "Tte^ fractions were pooled and evaporated 

ataratedl ml/mln.and2mlte<Jo^««^J^^^^^ 

to dryness using a Sa«in <^^^3^^^^ Sta JScSumn eluted wHh 0.1 M triethylammonium acetate. 

^pH"?s:s^irnissjs^~ 

^i>.n»rsequenceoftheente,otoxinflenedEXonwasd^ 

below: ^.^P jaa jrnr 3* ^as synthesized chemlcany. A first and a 

^ Probe_1-6'GGATCA CCA AS* 
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pn*o 2 - SAGA TTA S<» GOT TO CCA^ y. 

A dry 200 ml three-neck round bottoni flask wscequv ^^^^ 35 ^^1). 
rfrisopropylethylamine(36.1 g^.^)M^^^ 

A solution of dllsopropyl methyl rnMss. a whHe precipitate was observed. Sllrring 

added dropwise to the cooled jMCtionmbttt*^^ ^ ^ t.y vaooum filtration 

was continued for a ^^^^^,^^^^^^^^0^'^ ^y^'"^ 

and the mixture was washed v«th50/»N8MCCh(^^^ product was d.s«)lved in ambrture 

sulfate, filtered and then evaporated ur^der sUtea gel (1-1/2 x 8"). The column was 

o?Shyi acetate/triethylamlne 9/1 ?° ,SS?lSe S£S^-Sk^^ (8-13) which contained 

eluted^ the saine solvent mDC^ (2x100 ml). 

L desired Product were pooled^ 1rar«fem^ to a ^ ^^^^ ^ 

T^e organic portion ^^S^Sfii^^C^S^^S^?^^ P'"*"^ ^^^""^ 
which wras co-evaporated with toluene '**J." N-dnsopropyl phosphoramidlte. 

Sentified as (3-(N-trifluoroacetytortnc^ Blosystems 3708 DNA" 

A standard Applied B^^ems DhW^^pro^^^ acid debtocWng. phosphorylation, capping 
synthesis machine. The ^«!,P?°^"2Sc S sej^ was synthesized, one additkmal cycle wa« 
JkJ oxidation steps. Once the P^J^™ (l^. methyH<.N-dnso^pjJ 
completed In whteh the new P^'°sP*''^;r|*' J^^i^^ group to the 5' end ot the protected 

S^horamWIte was used In onjer with thtophenol and/or 

oligonucleotide chain. The resuttmg ollgonude^J^ r .^^^^^^ 
. SSnonlum hydroxide a«o^ to me usu^P^^ ^ ^ ^ acetonltneA).1 M 

typically accomplished by HPLC using a o-» or v^to 

triethylammonium acetate. ^ . j _ . <io.nw>r oiiaomer (mbius the 3* terminal base In the above 
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"A5Sr^action mixture" containing 

7 0I71 2 by the addition of solW sodium meteb|sv«He^^^^ 

Jotfwas ?r.paied.2'^-deo^ne^-^Ph<^^^^^ 

solution and the mbclure '^^>^^^^^^jZ^^ amounts of sodium metablsuHite. The progress ofthe 
was maintained at pH 7.1 by °"^'^^i^SSWc) To Isolate the product, the reaction 
SSn was monitored by high pre^ure ^^jJ^J^SSS and ap^^ to a column of DEAE Sephadex 

characterized by UV lambda mac. ("^O "f^ ""J'^ synthesizing a 19-mer oligomer thrt was completed 
''l^lne labeled 20^ner probe w«8 P^^^^f J-S^teTSpddCTP) using temilnal deexymicleotf- . 

addition of the N^-aminopmpyWdeo)^^^ first' dissSved In 204 ,d of sterte 

5, transferase (TdT). Typl^. ^^^.^^.^.J^^^iMpotessnmiCSC^ 
Ster.5.0^l of lOmM APddCTPvrasthen^^J^^S^ ditMothreltol. The reaction mWure was 

CoCb. 80 pi of 500ng/ml bovirje ^ f^'T'^ y^^Med 1050 units of TdT enzyme obtatowi frwn 
vrarmed to STC for 10 minutes and then to 
JSX'^tBethesda.MD) Theer^fe^ to^^^^ 

enSne was Inactivated by heabng at 65 C |or \Om.nme^i ne w componenls. The 

S-10 column (Phamiada. P^^StSlisnSS^S^^J^ *^^ 

probe, which was recovered in approx»natBiy1.aroi or wa . • 
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recovered. 
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^'^ ^^^T:o^J^1t^t^ addition Of dideoxyadenasme^'-triphosphate- 
. 3^P? dd15? to Si^iSTSTthe iner 3Sn^abeled probe. A typical reaction consisted of 
la32p] ddATP-Io PIV to m 175 ul of sterile water. 250 uCI. of ddATP-m. obtained from 

l^n[ oMO mM CoCfe 80 ill of 500 ng/ml bovine serum albumin, and 16 |il of 15 m dlthtothreltoLARw 
iiJi-^ to S»CtoM6 irlrurtS 300\mlts of TcfT was added. The taDlng reaction mixture was mcubaled at 
I tS^md STSSX healing to 65^ for 10 minutes. The probe was then purified by applying 
S?^^oJ^^riS^c2L5fn arS elutmg with water. The resultant radioactive lO^r ««s then 
1^ concentrator and stored at ■SO'C.The tritium labeled probes were prepared tqr the 

''T^^te.StUNA^'^^.Syo bes were radloactively labeled on the 5- end by the same Wnase r^ctton^ 
30-mer teiget WAand ^ijnw pro ,„ 5^ sterile water. To this was added 4 pi of 5X fowwd 

ApproxHnateJr O^unttsof DM^^^^ MgSa. 25 mM dtthlothreftol. ImM EDTA). 6 nl ATP-ly-^^Pl. 

'If H^^I^Sf &aSS rS<21 S 5 S uSits) T4 kinase. The reaction was incubated at ST C. After 
obtained Irom New f?9»™ r^?^ -0 lil of IX SDS buffer (0.5% sodium dodecylsuMate. 5NM 

Lnrl o lS So^StoS iT4?i^ extricted twice with phenol/chlorofom, 

SJii^ce SiKSSSTtSS^sS^^^^ was the purtHed over a prepacked G-25 column (5'to 3- Inc. 

^ "^-SL «irt and second orobes aD having reactive amine functtona! groups were reacted with N-hydrexysuc- 
ci^3i?sS^e2c?,^n?eSL.Thefo^^^ 

i^!.^ ift nl^ DNA^rcomW with an excess of 1200 nmoies of the N-hydroxysuccinimide ester 
:^aln dSStSe^rri/nS^rpholino) propanesulfonlc add (MOI^) buffer (pH 7.2) at The 
30 reactfon mbcture was allowed to incubate for 1M6 hours. 

^^gg! ^ ' tyhSilTon"^^^^ and target DMA were dissolved In 100 mM NaCI. 10 mM 

U^:P^^^7l gSSJn^^Cprobes^ ^r^"^t2«^2^rJ^i^: 
Nan2ru4 wui»cii k ... - r^.imftrin-iabeled Dfobes and the 30-nier target Before irradiation the 

S^"^to^temSiatureovera45 minute tolhourperiodThesolu^ 

t^SSSTbslTS^dly^^^^ OA) - a^ 1^ 

^"^.f-^a'c^^^npel^S^^^ 

^^^dSro^gln^fn^Jch^-^-^^^ 
^ ".^S^^^ f^^rhourhrtrthe cuvette. Degassing viras conducted for 6 minutes prior to bradtatkm as 

r'«irg"'Sia7on'ZSSS;;S ^te?^^ 

^ ''Z;tSZ'^^sS^ pT^:rs^° *cS;™trator and dried. The dried 
A portion Of *»J^^. ^^SfSiES^ and loaded onto a 200* polyacrylamWe. m 

K""'*^wf7Mf^d^n2lJ^nfo^ 

^3rx%it,^t^X^tthegelandexposedfbro^^ 

^^ZJha^riL^d back aoalnst the gel in the original position and the regions of the gel conteinng 
^ii^^l^^X^wS^^DHAiromSte gel piiorto measurement of the radioactivity the gel 
radfoactwity eMiisedJn O^M EDTA buffer at pH 75. and cut Into smai 
;LSi?cSo e J^^^ The mbcture was filtei^d the next day through a 

p,eoes.The geJ |MeDMV«re«»^^ md^ filtrate added to 10 ml of Scintiverse II Scintniation cocktaB 
"fS^^^i^Z^^S^o^aBSman LS8100 scintillation counter. Following 1 second 
(Fisher l^airlaurn^ ^J)- ™s »en continuatton of the experiment to 10. 

iS^M standards. Is approximately a SO^ner and the minor approx^ately a 40Hner. 
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eiectrophorosls (PAGE), providmg /^^""J^ * SllS^seauSSe cwrtahiinra AOVo mismatch of base < 
JSEaclion product ^ '^.'J^r^jS^^^SS^t^^ target Sln«ar^r. a 

Jaire relative to both 10^rmd 2&^ 

j;,be Ph°t°^°" P"^"2^2^cSd^bedJtec^^ when 10^er. taiget and no«K«>umarin 
Similaily. a pn>be Photo^eacton prodkwt c^wi^^ photoreaction product could 

prot>e photoreaction P^o^tacX^MMtbe ^^^^^"^ 3^mer photoligate bar»d. 
Lggest that the target was ^J^jS^^ bbSed wtth aap instead of the first lO^ner probe, 

in a further procedure. tt» f'^^^T^^^I^^ coumarln derh«tlves and PAGE separation of the 

sequencing techniques. Sequencing conllmied the presence o. 

anticipated for a probe reactton Foduct . amplification techniques In which more than one 

signal per target mcrtecute ^generated^^^ 

^tS!.':::S^Si5r;C:S'r probe reaction prod^ n^ be generated a 
W^'rTS^ure. a tenfold ^ce^ of^^^ 

renaturation cycles were employed ^^T^^Jfi^^MS^ irom the target DNA in order to allow a 
necessary in order to dissociate Pr°^ ?Lf'2^ were then to be photoligated during the 

new pair of probes to hybridize with the target, i^** '"P^" VL,^ -^bes would be produced after 
SS^d irractetlon period. By this Procedure a maxan^«rftwoI«a^pn^^ 

Sonfo«owingtheti,3td««1u^^^ ^ 

observed m P'«^"» rtiS^ products show that three probe Bgatlona have been 

surprisingly and unexpectedly, analysis that tt>e same amount of photollgatlon had 

achieved per target molecule. Even n^^ ^ entirely. No 

^s^v^^rrrraTse^^^ ^ 

-SSir-te^Srr^ar-pro^^^^^^^^^ 

SSS5ri1Sn°^5^S^?Sr^^^^ ^ '"•'^ 

cininikte ester. IS preserrted below m Table 1. 30 
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TABLE I 

Reactants Photoproducts 

. [P;;bgsj Itargeti tlOmer-20meri U0S||g2^ i £arg^^|0|lLl 

1 pM 1 MM 0.48 MM 0.48 O.IL 

1 pa 0.1 MM 0.32 MM J.^ 2*5' 

10 1 mM 0.01 MM 0.26 MM \% V 5 

. 1 jjH 1 nM 37 nM 37 6^d 

l|jM 0 3,6nM ~ ~ 

10 Ml* 0 0.37 MM " 
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iKunn one micromoiar probe, samples containing 10 and 1 nanomol target provided Dgated probes at tevete 
apprTxSiSe^SZg^ter t;.an the level of target DNA present In the ^es. CH» factor whl^ majr Bmlt 
^«unt <rf ampIBkation appears to be the amount of side reactions whteh orossmnk the probe to target 
SSaX^IV SSfl the^Slytic properties of the target. At 0.1 micromoiar target the target is 
nr^J^^trcansum^bf the end of the experiment. In the 10 and 1 nanomolar target assays more cross-link 
S?JSsfSJdK^stote.TheamoJofradlo^^ 
sS^dlSlr^Tu^^ 

'*sS^tti*phS?oreac1ive functional groups may Wnlt the '«5«*at)le cross41i^ reaction. Variow 
ccwSn dei*«tives were applied to photoreactlon protocols to detennine the number of cross^ and 
^^/lactlon products. The results are summarized In Table II for coumann J-oxybutyric add 
E^vLSwsucdnlmWe ester. coumarin-Soxybutyric add hMiydroxysucdnimide esters. 4-methylcourTiarin- 
SSSo^M3U«<y^ccinl^^ 7-methoxyooumarln^xybutyric acid r«tydroxysuccjn«nKie 
ester, and couinarin-6-lsothtocyanate labeled probes. 



Coumatin 
Derivathw 



coumar1rv-7-oxybu- 

tyric add* 

4.niethylcoumarin 

7-oxybutyite add* 

Coumarin 

S^xybutyrtc add* 

Couinarin-6-iso- 

thiocyanate 

6-metho)q^oou- 

maiin-7-o3grbu4frie 

add* 

r-methoJ^cou- 
marin-6K»(ybutyrie 



TABLE! 

Equbnolar Probes and Targtf (IfiM) 
<Vo Ligated 



t/b 10-mer cross 
WSSi 



10-Fold Excess Probes (IjiM Probes) 

o/b Ligated % lO-me r cross 



24.(61***) 
12 

.78 
15 
21 

10.(17**) 




22.(12***) 
6.3 
14£ 



lifted 
5Z(3-5***) 

3.6 



1.7.(1-3**) 
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(-indicates no reading) 
*N-hydroxysuccinimide ester. 

••Data obtained by doubling the Bradiation from 2.8 J to 5.6 J. „ , 

—Represents preDmhary data, later data has consistently shown higher crossUnWng values. 

These data suggest that the compositton coumaiin-5K>xybutyric add hWiydroxysuccinimlde ester Produces 
littie^ss^inkedlide reaction products of probe to target and may be advantageous In Foducing additoonal 
nrobe reaction products from a single target molecule. ^ . ... u_ 

oSbSments of the present ap|*cation featuie ampBflcation methods wherein more than one probe 
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. dnaie tamet template. Preferred err*odlments anew 
reaction product molecule °^*S?ss lor example raising and towering 

producing larger quantittes sIS™*- ^, gufted for clinical applcaHons whereH an assay mujbe 
Embodimerrts of the P'««'*J^"*°" f^^^Ued eml»dimentsofthe preserrt invention ha« been 
completed wltt^in a BmHed time 3^ modification and. theref om. thejrwenttonshj^ 

^"^.SiS'to'^^'f^^"^*^^ 
not ni «^«^^~ r^iflims. 



purview or the following claims. 
CliBlim 



1.Amethc^forligating«gandsjJid^^ 

(a) contacting a target wrth a ^ "gnj "J ^STof fonning a covalent bond between the first 

'T?li1S»2?<!!'o£?a SSS?^^ at le»l o™ photocaolh, 

group. . ■ u -«o«sHfi«.tiioandbcludes a photoreactivefuncmonal groups 

and said first ngand Includes a f*^**^!^!^^^^ _ 
g^.saldphotcreactivegr«ipsto«leda^^^ photoch^j,^ 

;S?i5L^wS,pcSa trr:iv^«^ o» approve, between 300 and 380 
„m inclusive .^^^ photoreactive functional group has an extinction coefficient 

^9. The method of Claim 1 ^"^^ ^^"^^^i^^^^Je^CBO^, pyrenes. carotenw. 
photoreactive functional groups "'""^^^^'^^S^vto, oteflns. i<etcnes. azides. polyoleflns 
Elopones. chromones. ^'^"^"^•jSond^SSJileC 

^clerized by conjugated doi*'««^°?;^!^]^ J^°^,7roup is a coumarin derivative. 




«.ereHR9roups1^ughSa.se.^dfr^^^^^ 

.COOCH8CH3. -NH2 -NO2. ;CBr». -as -C^. TfunctiGnalty lor Inking to a 

O(CH2)«CH8(n-0 to 10) wherein one of the R groups in 

^t^S^ofclalm9whereinsaldpsora^^ 
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wheren. R groups 1 through 6 are seleded from the group conslrtng of -H. -^I^^ 
SJIf -ChSz: -CHBraZ-CHb. -CHFa. -CHsOH. -CHzOCHa. -CHaNHa. -N3. COOH. -CCX)CH^ 
"SoOCHSb -»S ^^02. -CBrs. ^. -CFa. -CCb. -CHCCHs)*. -C(CH,)8. -CI. -Br. -I. -F. a«* 
5?(SS(n-oS; To) therein one of the R groups includes a functionanty forlWdng to a 

''laTm^lSdWassayingasamplefortargetmoteculescomprislrig: 

probe and said second probe having at least one photoreactive functional 9ro«P <»r«We of 
oovaiently binding said first probe and said second probe upon activation v»t»on said first probe ar^ 
^SS^a^ptecedlnrreacrtiveorlenta^ 

p\^ ca^ of binding to saw target molecule in a reactive po8^ 

^'^nSjSSSl^Sie in the presence of saw first probe and ^ 
energytoformsaidprobe reaction product: and ^ _^ 

s^XS^cSil^photoreactive functional groi^^ 

interactina to form a covalent bond t>etween the first and second probes. 

ir^TZS^^ aalm 5 v^re-m said first pro^ and^d P^So*;^ ^ 

and said photoreactive functlonal group of said first probe and said photoreacdve moleci* of saM 

'rSe'^'r^2;\T^in''STSlSS?'^ g^ undergoes pho.oohem|«l 

"w'SfHSthod of Claim 15 wherein said photoreactive functional group i«s an exBncfion ooeflicienl 
nr«^terthan1(X»mole-^«1-cm-MopennItexcltationtbreactlveenergylevels. _ ^ 

^ f ^^^iodfcJaLm 15 vrf^erein^d photoreactive functional group Is selected from the greuprt 
ololoSiSSnSlonal groups consisting of coumarlns. psoralens anthracenes, pyrenes. 
5SS2^^OTX«es. qiLnes. maleic anhydride, alkyi maleimide. olefins, ketones, aades. poiyolefins 
SSSlS?S^uiteddou'blebondsandketonefunctio^ 
'S^emelhSpf OatalSvvherelnsaidphotorea^ 

21.The method of Claim 20whBreln said couroarWs charactefteed by the following features. 



0. • 




wherein R moups 1 through 6 are selected from the group consisting of -H. -CHa. -^^i^l. jJHaBr^-Ojbl. 
S -CHST-olB^-CHb. -CHF2. -CH2OH. -CHzOCHs. -CH2NH2. -N8.-COOH. fOOO^ 

SS^Hfc^-NS^^r^^^^ ^ -CF3. -CH(CH3h^ f^^^ ft^'Hni^l.^ ' t?1 

^(CH2)„CH3(n=0 to 10) wherein one of the R groups includes a functionality for linking to a 

"S^it^S^rtclalmZOwherelnsaklpsorelenlsc^ 
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^^^^^ of Claim 15 Wherein said photoreacHve funcfional group is selected from the group 

23. THe me hod of 9J™ ester. 4^nethylcouInarin-7■oxybutyric 
consisting of '^^^^^''^^^St*^^^ add N*yd«»cysucclnlmlde ester. 

y"f$l"'^!,S*^SS^S?3^ ^ removing said prol>e reaction productfrom 

24. The method Of t^.^f,™2iri^^ probe to assume a reactive position on said target. 

sSeXiSTs^srpSS'TsSM 

.1^ «f nahn 13 wherein a second set of proties are brought Into binding conditions With said 
r;^^^o2.2?^d^oni^S^obes indudes a third probe and a fourth probe capable of 
probe P"*«*'^^°ri^^ product, said thW probe and said fourth probe 

assuming a reactive po^ "^^^t ,!!5S^Sj^ra0S)le of^ovalerrtly binding said thlid and fourth 
including at least one pholor^ ft^t.«^^P«J^^ ^ ^ 

'T^^^^^^" said second ^ a.« capable Of as^^mmg a 

said first ahd second Rgan^ are ptooed SStion tc fom. a receptor first-s^ 

said first and second ligands. «.mni***: notentiallv containing a target molecule, a 

tte pribe reaction product which Is indicative of the presence «JsaW target 



10 



^ « < ♦K-^.i^H R arp «iPiectGd tTom the group consisting of -H, -CHa, -CH2CI, -CHaBr. -CH2I. 

wherein R groups I ti^roufih 6^3^^ -OT2OCH3. ^zNHz, -N3.-COOH. -COOCHj. 75 
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wrtierdn Ra and Rb are selected from <>H or -OCHa and Ri, Ite, R4 and Re are hsid^^ 
capable of reacting wrth aliphatic amines, a ngand. or antnigand. ^ 

3lThe composition of Claim 31 wherein said reactive group is IWiydroxysucdnlmide ester. 

32.ThecompcslttonofClam31wtierelnsatd!l9andormtlligandlsapotynudeott^^ 

33 The coiiBositlon of Claim 33 wherein said polynucleotide Includes a linkage of 1 to 10 atoms. 

34* As acomposltlon. a polynudeoUde hawing at least one photoreactlve functional group at or atjout the 
> or 5- tem^mu said functional group setecled from the group of functional groups consisting essentally 
of coumartns. psoralens, antlirecenes. pyrenes. carotenes, tropones. c»w»»»ne8. quinones. mateto 
anhydride, alkyl matelmide. olefins, ketones, azides. pdydelins characterized bv conjugated double 
bonds and ketone functionality and derivatives thereof. ^ ^ ^ i 

35. As a composition, a polynucleotide characterized by a first strand and a sewnd strand^acli rtrar^ 
t^ng a3' tem*«l end and a 5' tenninal end. wherein the 3* terminal end of one strand is bonded to the 5' 
tennlnalendof the other strand through a dimer formed from reacWve functional groups. 

36 The compo^n of aalm 36 »»hereln said reactive functtonai groups are photoreact^ _ 

37 AWt for performing photoBgation of contiguous Hgands comprising a reagent for contacting a sampis 
potentially containing a receptor molecule of mterest. saM reagent Includes a firetprobe and a second 
probe wherein the first probe and the second probe have at least one P»«**»f«**«*J«««^^ 
rapable of covalently binding the first probe and the second probe to form a probe reaction product In the 
wKOTce of radiant energy when the first probe and the second pmbe are ptaced in a reactive poslMoa 
^flrst probe and the second piobe are capable of binding to the target molecule to ^umea reacHve 
pwMon. and said probe reactton product has detectable features which are distinguishable from either 
theflrstixobe orthesecondprobe Individuaily. 
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